Abstract. The present study aimed to evaluate whether the -A930G polymorphism of the nicotinamide adenine dinucleotide phosphate [NAD(P)H] oxidase p22phox gene is involved in intracerebral hemorrhage (ICH) in the Chinese Han population. In the present case-control investigation, the subjects included 118 patients with ICH and 147 healthy controls. The -A930G polymorphism was determined using polymerase chain reaction and restriction fragment length polymorphism. Furthermore, the correlation between the -A930G gene polymorphism and ICH was evaluated using statistical analyses. The distribution of p22phox -A930G genotypes differed significantly between the two groups (P=0.003), with the AA, AG and GG genotype frequencies being 61.9, 29.3 and 8.8% in the control group and 40.7, 45.8 and 13.6% in the ICH group, respectively. The G allele frequency was significantly higher in patients with ICH compared with healthy controls (36.4 vs. 23.5%; P<0.05), however, the opposite was observed in the frequency of the A allele (63.6 vs. 76.5%; P<0.05). Binary logistic regression analysis revealed that genetic mutations of the p22phox -A930G gene were independent risk factors of ICH (odds ratio, 2.196; 95% confidence interval, 1.003-4.586; P=0.009). In addition, certain conventional factors were associated with increased risk of ICH, including elevated blood pressure, increased levels of glucose and triglycerides in the blood, a history of hypertension and smoking. The -A930G polymorphism of the p22phox gene may affect the susceptibility to ICH and certain haplotypes of the gene may be associated with a higher susceptibility to ICH.
Introduction
Cerebral hemorrhage, also termed intracerebral hemorrhage (ICH), is a subtype of intracranial hemorrhage occurring within the brain tissue, which can be caused by brain trauma or can occur spontaneously in hemorrhagic stroke (1) . ICH is a common fatal subtype of stroke and can cause mortality or severe disability (1, 2) . ICH causes mortality in >30,000 individuals annually in the United States (3) . Following ICH, the resulting hematoma within the brain parenchyma triggers a series of adverse events, which lead to secondary insults and severe neurological deficits (4) . Epidemiological studies have identified differences in the incidence of cerebral hemorrhage between different ethnicities, with African American and Japanese individuals having an incidence rate twice and four times that of Caucasians, respectively (5) . Although hypertensive arteriolosclerosis and cerebral amyloid angiopathy are risk factors that contribute to the majority of ICH cases, several genetic risk factors have been identified (6) . Characterization of these genetic variations may enable improvements in the prognosis and prevention of ICH.
Reactive oxygen species (ROS), including superoxide, hydrogen peroxide and hydroxyl radicals, are generated by the partial reduction of oxygen (7) . ROS in the vasculature are produced by several enzymatic systems, including xanthine oxidase, nitric oxide synthases and nicotinamide adenine dinucleotide phosphate [NAD(P)H] oxidases. Previous studies have indicated that NAD(P)H oxidases are major factors involved in the aberrant production of ROS in the vasculature (7, 8) . Cumulative evidence has demonstrated that ROS are essential in the pathogenesis of various types of cardiovascular disease, including stroke and atherosclerotic lesions (9) . ROS-mediated oxidative modification of phospholipids can damage endothelial cells and induce the expression of adhesion molecules, which leads to attachment of monocytes, T lymphocytes and macrophages to the endothelial cells (10) . It is hypothesized that the diversity of novel oxidative modification to lipids and proteins mediated by ROS is associated with foam cell formation, the development of atherosclerotic lesions and ultimately a fibrous plaque that protrudes into the arterial lumen (11) . The formation and release of thrombi may occlude vessels, which causes cardiovascular diseases, including hypertension, congestive heart failure, ICH and stoke (12) .
There is accumulating evidence that the -A930G polymorphism of the p22phox subunit of NAD(P)H oxidases is associated with ICH (13). Membrane-associated NAD(P)H oxidases are the main enzymes responsible for ROS generation in neutrophil granulocytes and the vasculature, which may be important in the pathogenesis of ischemic injury and atherosclerosis (14) . The NAD(P)H oxidase system has been well characterized, comprising of three cytosolic elements, p40phox, p47phox and p67phox, two membrane-associated cytochromes, p22phox and gp91phox and a low molecular weight G-protein (15) . Polymorphism of the p22phox gene has been investigated the most of those in the NAD(P)H oxidase system. The gene encoding the p22phox subunit, CYBA, is located on the long arm of chromosome 16 (16q24), spans a length of 8.5 kb and contains six exons and five introns (16) . The -A930G polymorphism is located at the promoter region and the G allele has increased promoter activity and a higher level of ROS, leading to increased vascular smooth muscle cell proliferation, endothelial dysfunction and the formation of lesions, which can contribute to cerebrovascular disease (13) . It has been observed that the -A930G polymorphism is associated with hypertension. Hypertensive patients with a GG genotype exhibit increased p22phox mRNA and protein levels and enhanced NAD(P)H oxidase activity compared with those with an AA or AG genotype, while no difference is observed in these parameters in healthy subjects (13) .
However, it remains unclear whether the -A930G polymorphism of the p22phox gene is associated with ICH. The purpose of the present case-control study was to determine whether the -A930G polymorphism of the NAD(P)H oxidase p22phox gene is important in Chinese Han patients with ICH, using the method of polymerase chain reaction (PCR), restriction fragment length polymorphism (RFLP) and gene sequencing.
Subjects and methods
Subjects. Recruitment of individuals for the present case-control study was performed in the Department of Internal Neurology from Shanghai Songjiang Central Hospital (Shanghai, China). All individuals were from the Chinese Han population of Shanghai. The ICH group included 118 patients, confirmed using computed tomography scan and/or magnetic resonance imaging and healthy controls, which included 147 individuals of matched age and gender. Individuals with cardiocerebral injuries, tumors, surgery, external injuries or severe heart, lung, kidney diseases were excluded from the investigation and individuals with a history of stroke or related diseases were also excluded from the control group. The present study complied with the Helsinki declaration and was approved by the Ethics Committee of Shanghai Songjiang Central Hospital. All of the individuals provided informed consent. Blood glucose and blood lipid examinations were performed on all subjects. Previous diagnoses of hypertension and diabetes were also recorded. Hypertension was diagnosed at a blood pressure level of ≥140/90 mmHg. Diabetes was diagnosed at a fasting glucose level of >7 mmol/l. Individuals with levels of blood cholesterol ≥5.2 mmol/l, triglyceride ≥2.3 mmol/l, high density lipoprotein (HDL) ≤1.8 mmol/l, low density lipoprotein (LDL) ≥4.9 mmol/l, apolipoprotein (Apo)A ≥2.25 g/l or ApoB ≥1.33 g/l, was diagnosed as hyperlipidemia.
DNA extraction. Venous blood (2 ml) was collected into tubes following treatment with ethylenediaminetetraacetic acid and stored at -80˚C. Genomic DNA was extracted using a DNA extraction kit (DNA purification kit; Omega Bio-Tek, Norcross, GA, USA) according to the manufacturer's instructions. DNA quantity and purity were measured using a spectrophotometer (BD 177742; BD Biosciences, Franklin Lakes, NJ, USA).
Genotyping. The p22phox gene was amplified by PCR using the following primers: Forward: 5'-GTGTGGCTGGAA TGGTGGCAGGAG-3' and reverse: 5'-GAGGGTCCCACC TGAGCCAATGTG-3' designed using primer 5 software (Premier Biosoft, Palo Alto, CA, USA). The primers were synthesized at Shanghai Shenggong Biological Engineering Co., Ltd. (Shanghai, China). PCR was performed using 25 µl 2-fold PCR mixture, 1 µl of each primer, 15 µl template DNA in a 50 µl final volume. The PCR amplification program was as follows: Initial denaturation at 95˚C for 3 min, denaturation at 95˚C for 30 sec, annealing at 65.5˚C for 30 sec, extension at 72˚C for 45 sec (35 cycles) and a final extension step at 72˚C for 10 min.
RFLP. The PCR products (10 µl) were digested with 2 µl 10-fold BseXI buffer, 1 µl BseXI and 7 µl ddH 2 O, and the mixture was incubated for 12 h at 65˚C. Following digestion, 4 µl 6-fold DNA loading dye (Sigma-Aldrich, St. Louis, MO, USA) was added to the mixture. All products were separated by electrophoresis on a 2% agarose gel containing 0.1% ethidium bromide and were visualized under ultraviolet light. Digestion of the PCR products yielded bands of 254 bp for the AA-homozygotes, 57 and 197 bp for the GG-homozygotes and three fragments in the AG-heterozygotes (Fig. 1) . DNA purification was performed with a commercially available kit (QIAamp DNA kit; Qiagen, Duesseldorf, Germany) according to the manufacture's instruction. The PCR products of the three genotypes were randomly selected for DNA sequencing in an ABI 3130XL automated sequencer (Applied Biosystems, Foster City, CA, USA), according to the manufacturer's instructions, and were then sent for gene sequencing by Invitrogen Life Technologies (Carlsbad, CA, USA).
Statistical analysis. Statistical analysis was performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). All quantitative data are expressed as the mean ± standard error of the mean. Student's t-test was used to compare between two groups. The χ 2 test was used to compare categorical variables. Deviation of the genotype and allele distribution from the Hardy-Weinberg equilibrium was measured using the χ 2 test. P<0.05 was considered to indicate a statistically significant difference. Binary logistic regression analysis was performed to estimate the independent risk factors for ICH, which were identified when β>0, odds ratio (OR)>1 and P<0.05.
Results
Subject characteristics. No significant differences were observed in gender, age or body mass index between the ICH and control groups (P>0.05), suggesting that the ICH group was comparable with the control group ( Table I ). The prevalence of conventional risk factors for ICH were significantly higher in the ICH group (P<0.05), which included systolic blood pressure (SBP), diastolic blood pressure (DBP), cholesterol, LDL, blood glucose, triglyceride, history of hypertension, smoking Distribution of the -A930G polymorphism. The distribution of the -A930G polymorphism of the p22phox gene was accordance with the Hardy-Weinberg equilibrium in the ICH and control individuals. The PCR products were digested by BseXI at the 5'-GCAGCN8-3' site. The DNA of the AA genotype was not digested by the enzyme, yielding a 254 bp DNA fragment. The DNA of GG genotype was digested into two fragments of 57 and 197 bp. As only one chain of the AG gene was digested, the AG genotype DNA was cleaved into three fragments of 57, 197 and 254 bp (Fig. 1) . DNA sequencing was performed with Values are expressed as the mean ± standard error of the mean. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotien; LDL, low density lipoprotien; Apo, apolipoprotein. five PCR products of the AA, AG and GG genotypes according to the results of the restriction digestion (Fig. 2) . The arrows indicate mutation sites, which were in accordance with the electrophoresis results. The distribution of p22phox -A930G genotypes demonstrated significant differences between the two groups (Table II, P=0 .003), with frequencies of the AA, AG, GG genotypes of 61.9, 29.3 and 8.8% in the controls, and 40.7, 45.8 and 13.6% in the ICH patients, respectively. The G allele frequency in the ICH patients was significantly higher compared with the control group, 36.4 and 23.5%, respectively (P<0.05). By contrast, the frequency of the A allele was significantly lower in the ICH group compared with the controls, 63.6 and 76.5%, respectively (P<0.05).
Binary logistic regression analysis of risk factors for ICH.
Differences between the patients and controls were analyzed using binary logistic regression analysis, which revealed that the -A930G polymorphism of the p22phox gene was an independent risk factor for ICH (P=0.009; OR, 2.196; 95% CI, 1.003-3.586). However, SBP, DBP, blood glucose and triglyceride levels, and a history of hypertension and smoking may be associated with the risk of ICH (Table III) .
Comparison of clinical data in different -A930G genotypes.
Following comparison of the clinical data from the three -A930G genotypes, significant differences were observed in the level of SBP among the AA, AG and GG genotypes (P<0.05), while no significant differences were observed with the other parameters (P>0.05). These data suggested that genetic mutation of -A930G increased the level of SBP (Table IV) .
Discussion
ROS are positively associated with cerebrovascular diseases. Enhanced ROS production at sites of injury regulates all the cellular responses to injury, including the induction of inflammatory genes, expression of adhesion molecules, monocyte adhesion and platelet aggregation (17) . Alteration of the balance between endothelial proliferation and apoptosis by ROS causes excessive angiogenesis or loss of endothelial cells (18) . ROS promote the activation, aggregation and adhesion of platelets on the endothelium at sites of thrombi and can cause mitochondrial dysfunction, leading to a reduction in the production of adenosine triphosphate and marked problems with energy metabolism (19). Evidence has revealed that p22phax is an essential component of the NAD(P)H oxidase system and is important in regulating the activity of NAD(P)H oxidases when producing ROS (20, 21) . The -A930G polymorphism of NAD(P)H p22phox is significantly associated with NAD(P)H oxidase activation and the production of ROS. San José et al (22) reported that hypertensive patients with the GG genotype have increased mRNA and protein levels of p22phox and higher NAD(P)H oxidase activity compared with those with AA/AG genotypes, while no differences were observed between the GG and AA/AG genotypes in the healthy control group. Transfection experiments on vascular smooth muscle cells revealed that the A to G substitution increases the expression of the reporter gene in hypertensive cells and hypertensive subjects carrying the GG genotype of the p22phox -A930G polymorphism are highly exposed to NAD(P)H oxidase-mediated oxidative stress (22) . Golliasch et al (23) suggested that there is a protective association between the -A930G promoter polymorphisms in the NAD(P)H p22phox gene and the development of myocardial infarction in individuals ≤40 years of age. Zalba et al (24) demonstrated the -A930G polymorphism as a novel marker in determining the genetic susceptibility of hypertensive patients to oxidative stress.
To the best of our knowledge, the present study demonstrated for the first time that the -A930G polymorphism of the p22phox gene affects the susceptibility of the Chinese Han population to ICH. A significant difference was observed in the frequencies of the AA, AG, GG genotypes and A and G alleles between the ICH and control subjects. Logistic regression analysis indicated that genetic mutations of the p22phox -A930G gene were independent risk factors of ICH (P=0.009; OR, 2.196; 95% CI, 1.003-3.586). The -A930G polymorphism of the p22phox gene was associated with the risk of developing ICH when the clinical data of different genotypes were included. One explanation for -A930G polymorphism as a potential risk factor of ICH is that the G allele was associated with higher blood pressure in the brachial artery and in the aorta (25) . For this reason, the -A930G polymorphism may have an indirect association with ICH by increasing blood pressure (26) . Another possibility is that the -A930G polymorphism is located at the promoter region of the p22phox gene and a 30% increase in promoter activity and increased oxidative stress was observed in the G allele compared with the A allele (27) , leading to endothelial dysfunction, thickening of the vessel wall and ICH.
In conclusion, the present study demonstrated that the -A930G polymorphism of the NAD(P)H p22phox may be associated with ICH in the Chinese Han population and screening this site may aid the diagnosis of ICH patients in the future.
